The purpose of this study is to assess the psychometric properties of a French version of the Posttraumatic Stress Disorder Checklist for DSM-5 (PCL-5), a self-report measure of posttraumatic stress disorder (PTSD) symptoms, and to further validate the existing English version of the measure. Undergraduate students (n = 838 English, n = 262 French) completed the PCL-5 as well as other self-report symptom measures of PTSD and depression online. Both the English and French versions PCL-5 total scores demonstrated excellent internal consistency (English: α = .95; French: α = .94), and strong convergent and divergent validity. Strong internal consistency was also observed for each of the four subscales for each version (α's > .79). Test-retest reliability for the French version of the measure was also very good (r = .89). Confirmatory factor analysis indicated that the four-factor DSM-5 model was not a good fit of the data. The seven-factor hybrid model best fit the data in each sample, but was only marginally superior to the six-factor anhedonia model. The French version of the PCL-5 demonstrated the same psychometric qualities as both the English version of the same measure and previous versions of the PCL. Thus clinicians serving French-speaking clients now have access to this highly used screening instrument. With regards to the structural validity of the PCL-5 and of the new PTSD diagnostic structure of the DSM-5, additional research is warranted. Replication of our results in clinical samples is much needed.
Introduction
The Posttraumatic Stress Disorder Checklist (PCL) [1] has long been a preferred measure of self-reported symptoms of posttraumatic stress disorder (PTSD). With the advent of the most recent version of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5) [2] , the PCL has been revised to include new symptoms and to conform to the DSM's four-factor conceptualization of PTSD and its corresponding symptom clusters: re-experiencing, subject to examination. The third objective is to examine the prevalence of PTSD in our sample using the diagnostic guidelines from DSM-5 (outlined above) as well as using a cut-off score that will be identified using signal-detection analysis. The final objective of this study is to assess the structural validity of PTSD. The above analyses are run in a sample of undergraduate students at risk for PTSD.
Methods

Participants
Participants were undergraduate students recruited from the University of Ottawa (n = 1184) and McGill University (n = 249) in Canada. Participants at McGill University completed the study in English, and participants at the University of Ottawa had the option to complete the study in English or French. After reading the consent form online, participants implicitly consented to participate by choosing to either continue with the study or decline to proceed. This method of providing consent is considered acceptable for online studies where risk is deemed to be minimal as was the case in the present study in a non-clinical sample [21] . All participants received course credit in exchange for participation. All study and consent procedures were approved by University of Ottawa Health Sciences Ethics Board and the McGill Faculty of Medicine Institutional Review Board.
Procedure
After providing informed consent, participants completed a set of online questionnaires (see below). After completing the questionnaires (time 1), participants were invited to complete the questionnaires a second time to assess test-retest reliability (time 2). Forty-five participants in the English sample completed the questionnaires a second time, however, results are not reported as the rate of participation (5%) in the retest portion of the study was considered to be too low (<80% power to detect medium ICC at alpha = .05). Though rates of participation in the French sample were also low (16%) results are reported as no previous study has presented psychometric properties of the French version of the PCL-5, and statistical power analysis demonstrated adequate power to run the ICC analyses in this group.
Measures
Life Events Checklist (LEC) [22] . The LEC is a 17-item checklist assessing exposure to potentially traumatic events [22] . Respondents are asked to indicate whether they have experienced, witnessed, or learned about 17 different traumatic events, or any other particularly distressing experiences not encompassed by the other 17 items. Participants were asked to identify an "index event" (the event that caused them the most distress as of this day) to refer to for the remainder of the study. The LEC has demonstrated adequate stability in samples of both university students and combat veterans [22] , and has demonstrated strong convergent validity [22] . The French version of the LEC was translated by a French-English bilingual expert on traumatic stress (A.B.).
Posttraumatic Stress Disorder Checklist-5 (PCL-5) [9] . The PCL-5 is a 20-item selfreport inventory assessing the severity of PTSD symptoms for the past month, as per the DSM-5. The PCL-5 has 4 subscales, corresponding to each of the symptom clusters in the DSM-5. Respondents rated how much a problem described in the item statement bothered them over the past month on a 5-point scale from 0 (not at all) to 4 (extremely). Scores on the PCL-5 range from 0-80. The French version of the PCL-5 was translated by a French-English bilingual researcher (A.B.) and back translated by bilingual experts on traumatic stress from Canada and France (A.A. and W.E.H.). The translated measure was presented to focus groups of patients in Canada and France as part of a cultural validation process. Minor edits were subsequently made. The French version of the PCL-5 is available upon request.
Impact of Event Scale-Revised(IES-R) [23] . The IES-R is a 22 item self-report measure of PTSD symptom severity with three subscales assessing intrusions, avoidance, and hyperarousal in the past 7 days. The IES-R has demonstrated consistent test-retest reliability and excellent internal consistency, as well as both convergent and divergent validity [23] . The French version of the IES-R has also demonstrated excellent psychometric properties [24] . In the current study the internal consistency in the English and French samples respectively was .96 and .95 for the total IES-R, .92 and .91 for the intrusion subscale, .91 and .88 for the avoidance subscale, and .89 and .90 for the arousal subscale. The IES-R was used to assess convergent validity of the PCL-5.
Center for Epidemiological Studies-Depression Scale (CES-D) [25] . The CES-D is a 20-item self-report measure assessing current depressive symptoms [26] . The empirically validated French version of the CES-D was used for the French sample [27] . Participants were asked to rate how often they experience each symptom on a 4-point scale ranging from "rarely or none of the time" (less than one day) to "all of the time" (5-7 days) [26] . The CES-D has demonstrated good internal consistency, test-retest reliability, and acceptable convergent and divergent validity [25] . The internal consistency of the CES-D in our study was .89 and .92 for the English and French samples, respectively. The CES-D was used to assess divergent validity of the PCL-5.
Statistical Analyses. Validity and reliability analyses were conducted using SPSS version 22.0 [28] , and factor analyses were conducted using SPSS AMOS version 23.0 [29] . Alpha was calculated for the total PCL-5 and its subscales to assess internal consistency. In the French sample, intraclass correlation coefficients were calculated using scores from time 1 and time 2 to determine test-retest reliability. Convergent validity was assessed via correlations between the PCL-5 and the IES-R, and between the PCL-5 subscales and their corresponding IES-R subscales. Using the Fisher r-to-z transformation we compared the magnitude of the correlation between the PCL-5 and the IES-R to that observed between the PCL-5 and the CES-D to assess divergent validity.
Signal-detection analyses were conducted using the DSM-5 diagnostic guidelines applied to the PCL-5 to dichotomize participants into 'Probable PTSD' and 'Non-PTSD' groups, as suggested by Weathers et al. [2, 9] . Thus participants with scores 2 or above on at least one reexperiencing symptom, one avoidance symptom, two symptoms of negative alterations in cognition and mood, and two arousal symptoms were classified as having probable PTSD. Using the results of a previous study as a starting point [11] , PCL-5 scores were examined to determine which best predicted the prevalence of probable PTSD as per this grouping. The score that yielded a prevalence proportion that most closely reached that determined by the DSM-5 guidelines (without exceeding it), and with the highest specificity, sensitivity and efficiency ratings, was selected.
Three structural models of PTSD were tested using confirmatory factor analysis (CFA). The first tested the DSM-5 four-factor model of PTSD, using the four PCL-5 subscales. The second tested the six-factor anhedonia model [14] , and the third tested the seven-factor hybrid model of PTSD [15] . In each case, maximum likelihood estimation procedure was applied, and factor variance for each latent variable was set to 1. Because latent variables were theoretically expected to correlate and to ensure the models were properly identified, latent variables were allowed to correlate with one another. Goodness-of-fit indices were interpreted according to guidelines by Hu and Bentler [30] , thus adequate model fit was determined based on cut-offs of ! .95 for the comparative fit index (CFI), .06 for the root mean square error of approximation (RMSEA) and .08 for the standardized root mean square (SRMR). In order to compare models, chi-square difference tests and the Akaike information criterion (AIC) were examined. Regarding the AIC, the lowest value of those produced by each model indicates better comparative fit. An analysis of measurement invariance was also performed in order to test the potential differences in fit between the English and French versions of the measure. Less than 2% of the PCL-5, IES-R and CES-D values were missing, thus a single imputation was performed.
Results
English PCL-5. Only responses from participants who reported a DSM-5 traumatic event were analysed. Thus, of the 1098 English participants, 72 participants were excluded because their index event did not meet DSM-5 criterion A and another 95 participants were excluded because they endorsed does not apply" on the LEC. An additional 93 participants were excluded for the following reasons: completed less than 50% of the PCL-5 (n = 70); declined to submit data for analysis (n = 9); participant had more than one of these issues with their data (n = 14). Thus, 838 participants were retained for analysis. The included sample had a significantly higher proportion of females than the excluded sample (x 2 [1] = 7.73, p < .05), however no additional differences were observed. Table 1 presents the characteristics of the English sample, and Table 2 presents the frequency of endorsed LEC events. Means, standard deviations, minimum and maximum values for all measures are presented in Table 3 .
Internal Consistency. As seen in Table 4 , the PCL-5 demonstrated excellent internal consistency. Cronbach's alphas for each of the subscale scores were also very high.
Convergent and Divergent Validity. The correlation between the PCL-5 and the IES-R yielded a significant, positive correlation (r = .82, p < .001) suggesting strong convergent validity. Regarding the corresponding PCL-5 and IES-R subscales, a positive, statistically significant correlation was observed in each case (intrusion: r = .76; avoidance: r = .68; arousal: r = .81, all p < .001).
The correlation between the PCL-5 and the CES-D yielded a coefficient of r = .64, (p < .001), and was significantly lower than that observed between the PCL-5 and IES-R, (z = 8.15, p < .01), supporting the measure's divergent validity.
Signal Detection Analysis. The prevalence of participants with provisional PTSD as assessed by applying the DSM-5's diagnostic guidelines to the PCL-5 [9] was 26.8%. Signaldetection analysis revealed that a PCL-5 cut-off score of 31 best predicted this PTSD diagnostic grouping based on the DSM-5, yielding a prevalence of 26.3% with a specificity of .95, sensitivity of .85, and an efficiency of .95.
Factor Structure. For the four-factor model, only the SRMR value indicated adequate fit [30] (see Table 5 ). For both the six and seven factor models, the values for all fit indices reached the appropriate cut-off levels ( Table 5 ). The six-factor model had significantly better fit than the four-factor model, (x 2 [9] = 450.73, p < .05), and the seven-factor model demonstrated superior fit to the six-factor model (x 2 [6] = 49.59, p < .05). In addition, the AIC value for the seven-factor hybrid model was the lowest (Table 5) . Together, these results suggest that the seven-factor hybrid model best fit the data. Standardized parameter estimates and factor correlations for each of these models can be found in Tables 6 and 7 , respectively.
French PCL-5
As with the English sample, only participants who reported an index event that corresponded to DSM-5 criterion A were included. Thus of the 335 French speaking participants, 15 were excluded because trauma specified did not meet DSM-5 criterion A and 37 were excluded Understand about 70-80% 1.6 13 1.9 5
(Continued) because they either indicated "does not apply" on the LEC or did not indicate an index event.
An additional 36 French-speaking participants were excluded because they completed less than 50% of the PCL-5. Thus, 262 trauma-exposed participants were included in the final sample. These participants were not statistically different from the excluded participants on any of the descriptive variables (all ps > .05). Of these participants, 42 provided complete test-retest data. While this response rate is relatively low (16%), post-hoc calculations determined that this retest sample size was adequate to achieve 99% power in detecting the observed ICC [31] . Participants who completed the study at time 2 were slightly older than those who did not complete the study at re-test, t(260) = 2.38, p < .05, but were not statistically different on any other sociodemographic variable. No differences were observed with regards to initial PCL-5, IES-R or CES-D scores between the two groups. Table 3 .
Internal Consistency. Table 4 demonstrates the internal consistency for the total PCL-5 and the subscales, which all yielded sufficiently high coefficients.
Test-retest. The average number of days between time 1 and time 2 was 20.95 days (SD = 22.11, range: 5 to 144 days). The total scale demonstrated very good test-retest reliability (ICC = .89, 95% CI = .78-.94, p < .001), as did the intrusion (ICC = .80, 95% CI = .63-.89, p < .001), negative alterations in cognition and mood (ICC = .92, 95% CI = .85-.96, p < .001) and arousal (ICC = .78, 95% CI = .60-.88, p < .001) subscales. The intraclass correlation coefficient for the avoidance subscale did not meet standards of acceptable reliability (ICC = .66, 95% CI = .37-.82, p = .009) [32] . Convergent and Divergent Validity. The correlation between the PCL-5 and IES-R yielded a significant result (r = .80, p < .001). Here again, a strong positive correlation was observed between the corresponding PCL-5 and IES-R subscales (intrusion: r = .71; avoidance: r = .65; arousal: r = .78, all p < .001).
The correlation between the PCL-5 and the CES-D was .62 (p < .001), and was significantly lower than the correlation observed between the PCL-5 and the IES-R (z = 4.25, p < .001), supporting the divergent validity of the PCL-5.
Signal Detection Analysis. Using DSM-5 diagnostic guidelines [9] , the prevalence of PCL-5 provisional PTSD was 24.0%. Signal-detection analysis determined that a score of 32 on the PCL-5 yielded similar prevalence of 'probable PTSD' (23.7%), with a specificity of .95, a sensitivity of .83 and an efficiency of .92.
Factor Structure. For all three CFA models, only the SRMR value attained the acceptable cut-off value (see Table 5 ). However, fit of the six-factor model yielded significantly better fit than the four-factor model ( Tables 8 and  7 , respectively. Results of the measurement invariance analyses demonstrated the same pattern of results as above, with the seven-factor hybrid model yielding the best fit when both samples were included in the CFAs, demonstrating configural invariance (see Table 5 ).
Discussion
The current study examined the psychometric properties of the English version of the PCL-5 and a newly developed French version in a sample of trauma-exposed undergraduate students. Both versions of the PCL-5 proved to be psychometrically sound, as each demonstrated excellent internal consistency, and strong convergent and divergent validity. Internal consistencies for the PCL-5's subscales were also very high for both versions of the measure. Further, testretest reliability for the newly developed French version of the measure was very good.
This study is the first to present a French-language version of the PCL-5. The practical implications of this are widespread, as important research has been done using the French version of the PCL-S [16] , which has been cited 135 times according to Google Scholar. This updated version is now available for use among French speaking populations.
While the study sample did include both native and non-native speakers of both English and French, the results did not change when excluding those with <90% fluency in the survey language. Given that Canada is a culturally diverse population, with over 20% of the population having a mother language other than English or French [33] , we believe that the results of the full sample speak to the generalizability of the PCL-5 in both languages, which can likely be applied without issue in other diverse English and French speaking countries.
Overall, the fit indices observed for each of the CFA models in the French sample were similar to those observed in the English sample, but did not meet the predetermined criteria outlined for this study. It is worth noting, however, that the same pattern of model fit was Note: Factor abbreviations are as follows: R: re-experiencing; Av: avoidance; NACM: negative alterations in cognition and mood; NA: negative affect; AH:
anhedonia; Ar: increased arousal and reactivity; DYS: dysphoric arousal; EX: externalizing behaviour; ANX: anxious arousal.
observed when comparing the three models tested in both samples, with the seven-factor model yielding the best fit. This pattern is further supported by analyses of measurement invariance, which suggest that the two samples fit the data similarly across languages. Further, certain commonly cited sources consider a RMSEA value of .08 and a CFI of ! .90 to indicate acceptable fit [34] [35] [36] . Indeed, it was by these specifications that Blevins and colleagues [11] evaluated these same models. Thus, by these standards both the six-and seven-factor models achieved acceptable fit in the French sample. Another explanation for the lower observed fit indices in the French sample may be that the sample was slightly smaller than is recommended to run factor analyses [37] . This is the first study to examine the factor structure of PTSD using the PCL-5 in a French sample, thus replication of these results in larger samples of French-speakers is warranted. Furthermore, the factor structure was examined in a population of trauma-exposed individuals rather than individuals with PTSD. More research into the structural validity of the PCL-5 among clinical samples in both English and French is also much needed. The prevalence of probable PTSD was relatively high in this sample of university students compared to that observed in the Blevins et al. study [11] This is likely due to the specificity with which the presence of trauma was assessed in our study. Here, participants were asked to refer to the most distressing experience endorsed on the LEC when completing the questionnaires. In contrast, Blevins and colleagues [11] simply asked students to report whether they had experienced "a very stressful life event. "
It is also notable that a very large proportion of participants endorsed having experienced a traumatic event in the current study, though it was not a requirement for participation. Approximately 85% of the English sample and 83% of the French-speaking sample reported having experienced a traumatic event. However, a large proportion of reported events are relatively common events (e.g., transportation accident, sudden unexpected death of someone close) and fewer participants reported arguably more severe traumatic events, such as sexual or physical assault. Furthermore, previous studies have found between 40% to 85% of undergraduate students report having experienced a traumatic event [38] [39] [40] . Thus current findings seem to support previous research suggesting that traumatic events are relatively common phenomena in at least undergraduate samples. Further, given that the sample represents one in which the risk of PTSD is high, the psychometric findings presented here will likely generalize well to clinical samples.
As suggested by Weathers et al. [9] the current study applied the DSM-5 diagnostic guidelines to the PCL-5 to determine prevalence of PTSD and then to determine a PCL-5 cut-off score. A PCL-5 score of 31 in the English sample and 32 in the French sample was deemed to have the greatest likelihood of correctly categorizing a participant as having or not having probable PTSD as per the DSM-5 guidelines. In contrast to the procedure applied in the Blevins et al. [11] study, the criteria applied in the signal-detection analyses reflect the DSM-5 model of PTSD rather than the DSM-IV-TR conceptualization of the disorder [3] . Thus, the cut-off values identified here may be more clinically useful for those using the DSM-5 than the score proposed by other researchers. However, no study has yet examined cut-off scores using strict clinical guidelines. Thus, to gain a more accurate indication of the PCL-5 cut-off scores that best predict actual PTSD diagnosis, future research should examine potential PCL-5 cut-off scores using clinician-administered measures designed to adhere more strictly to the DSM-5 symptomatology of PTSD, such as the Clinician-Administered PTSD Scale for DSM-5, [41] .
We found that a seven-factor hybrid model of PTSD in which negative and positive affect, anxious and dysphoric arousal and externalizing behaviour are separate factors, best fit the data in both the English and French samples. Statistically the inclusion of this many factors is said to be problematic by some experts, especially when multiple factors have only two items per factor, as composite scores for these factors are likely unreliable [32] . Indeed, the low testretest coefficient for the avoidance subscale of the PCL-5 can likely be explained by the fact that it contains only two items. However, many previously proposed models of PTSD have included two-item factors, including DSM-5 four-factor model. Theoretically, allowing latent factors to covary allows for the model to be properly identified, making the interpretation of these models rather straightforward [42] . Further, the strength of the seven-factor model over others has been demonstrated in several studies already [11, 14, 15] , adding to its credibility as a potential theoretical model of PTSD. While it is not within the scope of this study to discuss the potential reconceptualization of the structure of PTSD, it is clear that further psychometric work is needed to assess the predictive validity and clinical utility of alternative, more comprehensive theories of PTSD. At the very least it can be said that the diversity of constructs assessed by both the negative alterations in cognition and mood and the increased arousal and reactivity dimensions of PTSD may indeed provide clinicians and researchers with additional information regarding the symptomatology, diagnosis and treatment of PTSD see [14, 15, 43, 44] for additional information. At this point, we recommend using the DSM-5 guidelines described above, or a cut-off score of 31 to determine provisional PTSD requiring further clinical attention, though again we emphasize the need for our findings concerning the factor structure and recommended cut-offs to be replicated in a sample of individuals diagnosed with PTSD.
Conclusion
This study is the first to present a French-language version of the PCL-5, which demonstrated psychometric properties akin to those observed for both the original English-language version of the 17-item PCL and the English PCL-5. Overall, the total score of the PCL-5 in both the French and English demonstrated excellent reliability, as well as convergent and divergent validity. Using CFA, our data demonstrated better fit with the six-factor anhedonia model and the seven-factor hybrid model compared to the four-factor DSM-5 model, with the seven-factor model slightly surpassing the six-factor model in fit. Future research should continue to examine the differentiation of the DSM-5 symptom groups for the cognition and mood and the increased arousal and reactivity dimensions of the disorder. Replication of these results in clinical samples is much needed, as no research has yet assessed the validity of the PCL-5 in these populations.
